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ABSTRACT: There is limited information on the
value of antibiotic therapy for mastitis in beef cows.
Effects of antibiotic treatment at weaning and the sub-
sequent calving on calf weaning weight, milk somatic
cell counts, milk components, and intramammary infec-
tion were studied in beef cows. Additionally, effects of
number of infected mammary quarters, number of dry
mammary quarters, type of intramammary pathogen,
and parity on response variables were determined.
Cows (n = 192) were randomly assigned to treatments
in a 2 × 2 factorial arrangement; factors were time of
treatment (weaning and after calving) and treatment
(vehicle and vehicle plus antibiotic). Oxytetracycline
(LA-200) or vehicle was administered intramuscularly
following collection of quarter milk samples at weaning
and calving. Percentage of infected cows and quarters
averaged 43.4 and 16.4%, respectively, at calving and
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Introduction

Treatment at drying-off is a widely accepted practice
for mastitis control in dairy cows (Philpot and Nicker-
son, 1991; Erskine et al., 1994). In contrast, antibiotic
therapy in beef cattle is not an accepted practice and
is only used for treatment of clinical cases (Kirkbride,
1977). Mastitis occurs in beef cows with an incidence
between 10 and 54% of the cows in a given herd (New-
man et al., 1991; Simpson et al., 1995). Reductions in
milk production and changes in milk quality due to
mastitis have been associated with reduced calf weight
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increased (P < 0.05) to 53.7 and 29.7% at weaning.
Calves from cows with one or two dry quarters weighed
12.7 kg less (P < 0.05) at 90 d after calving and 18.7%
less (P < 0.05) at 212 d after calving than calves from
cows with no dry quarters. Calves from cows with three
or four infected quarters weighed 17.5 kg less (P < 0.05)
at 90 d and 25.5 kg less (P < 0.05) at weaning than
calves from cows with two or fewer infected quarters.
Infections by Staphylococcus aureus and coagulase-neg-
ative staphylococci were the most common and ac-
counted for 67 and 78% of the infections. Percentages
of infected cows and quarters, infections caused by S.
aureus, and dry quarters increased (P < 0.05) with par-
ity. No differences were found among antibiotic treat-
ments for any of the response variables studied. Intra-
muscular oxytetracycline was not effective in the con-
trol of mastitis in beef cows under the conditions of
the study.

gains (Kirkbride, 1977; Watts et al., 1986; Simpson et
al., 1995).

Several antibiotics have been widely studied for the
treatment of intramammary infections in dairy cows
(Eberhart and Buckalew, 1972; Watts et al., 1986). A
common practice adopted in dairy cows is to treat cows
by intramammary infusions into all four quarters at
drying-off (Philpot and Nickerson, 1991). A combination
of intramammary infusion together with intramuscular
injection of antibiotics may be more effective (Soback
et al., 1990; Nickerson et al., 1993). Tetracyclines are
broad-spectrum antibiotics that are effective to treat
mastitis because of their diverse therapeutic efficacy
(Soback et al., 1990; Erskine et al., 1994). They are
lipophilic, have a long half-life, and their spectrum of
action includes Staphylococcus aureus (Erskine et al.,
1994). The objectives of this study were to determine
the effects of intramuscular administration of oxytetra-
cycline to beef cows at weaning and calving on calf
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weight, milk somatic cell count (MSCC), milk composi-
tion, and percentages of infected cows and quarters.

Materials and Methods

Animals and Treatment

Hereford and Hereford × Angus cows at the Okla-
homa Agricultural Experimental Station in Stillwater
were used in a 2 × 2 factorial experiment starting at
weaning, through calving, and until the subsequent
weaning. Treatments consisted of intramuscular ad-
ministration of vehicle at weaning, antibiotic at wean-
ing, vehicle at calving, and antibiotic at calving.

At weaning in October, 192 cows were randomly as-
signed to receive either vehicle or anitibiotics. At calv-
ing between February and April, half of the cows on
each weaning treatment were randomly assigned to
receive either vehicle or antibiotics. Twenty-eight cows
had health problems (dystocia, placental retention, still
birth, and conjunctivitis) between the weaning periods
that merited antibiotic treatment and were removed
from the experiment. Cows were maintained on native
range and bermudagrass pastures. When pastures were
dormant, 20 to 40% CP supplements were fed to main-
tain cow body condition score between 4 and 5.5
(Wagner et al., 1988).

Vehicle consisted of 40% 2-pyrrolidone (BASF, Par-
isppany, NJ) and 5% polyvinylpyrrolidone (Aldrich
Chemical, Milwaukee, WI) in aqueous sterile solution
with pH adjusted to 9.6. Vehicle was injected intramus-
cularly at a dose of 0.1 mL/kg of birth weight. Antibiotic
was an oxytetracycline preparation (Liquamycin LA-
200; Pfizer Agricultural Division, New York) injected
at a dose of 19.8 mg of oxytetracycline/kg of birth
weight. Each milliliter of aqueous sterile antibiotic
preparation contained 200 mg of oxytetracycline base,
as amphoteric oxytetracycline, and, on a wt/vol basis,
40% 2-pyrrolidone, 5% povidone, 1.8% magnesium ox-
ide, 0.2% sodium, formaldehyde sulfoxylate (as preser-
vative), monoethanolamine, and HCl to adjust pH to
9.6. Intramuscular administration of vehicle and anti-
biotic was done while animals were restrained in a
squeeze chute. Administration was on the lateral upper
third of the neck, with only 10 mL per injection site
and three sites per side of the neck.

Samples and Analysis

Milk samples were collected for diagnostic bacteriol-
ogy, MSCC, and analyses of milk composition after calv-
ing, between 8 and 14 d postpartum, and at weaning
(212 ± 2 d of lactation). Cows were separated from their
dams 2 to 3 h prior to milk collection to ensure collection
of adequate volumes of milk. Cows were directed into
conventional squeeze chutes. Oxytocin (Vedco, St. Jo-
seph, MO) was administered (i.m.) at a dose of 10 units/
cow to facilitate milk let-down. Teats were dipped into
0.1% iodine teat dip (Alfa Laval, Agri Inc., Kansas City,

MO), wiped dry with paper towels, and scrubbed with
70% ethyl alcohol. The first streams were discarded and
10 mL of milk was collected into snap-cap sterile plastic
tubes containing broad-spectrum microtabs as a preser-
vative (D&F Control Systems, San Ramon, CA) for
MSCC and analysis of milk composition. Teat ends were
again scrubbed with 70% ethyl alcohol and 3 mL of
milk was collected aseptically from each teat into snap-
cap sterile plastic tubes (Fisher brand, Pittsburgh, PA)
for bacteriological analysis.

Milk samples for bacteriological analysis were frozen,
packed on Dry Ice, and transported to the Immunology
and Disease Resistance Laboratory USDA-ARS, Belts-
ville, MD for diagnostic bacteriology. Milk samples col-
lected for MSCC and milk composition were analyzed
at the DHI laboratory at Oklahoma State University
in Stillwater.

For diagnostic bacteriology, frozen milk samples were
allowed to thaw at room temperature and vortexed be-
fore plating. Twenty microliters of milk was plated on
one-fourth of an esculin blood agar plate (5% red blood
cells), mannitol plates, and on P-agar plates supple-
mented with acriflavine. Plates were incubated at 37°C
and examined for bacterial growth at 24 and 48 h. Crite-
ria applied for considering infection, contamination,
and for identification of microorganisms were those es-
tablished by the National Mastitis Council (NMC,
1987).

Milk SCC were determined electronically by a fluoro-
opto-electronic method (Bently Instrument Somacount
300, Bentley Instrumental, Chasca, MN), using refer-
ence standards (DQCI Services, Mounds View, MN) for
calibration. Milk components were determined by near
infrared spectroscopy (Multi-Spec; Multispect Inc.,
Wheldrake, York, U.K.). Calf weights were recorded at
birth between February and April, at an intermediate
period during June, and at weaning in October using
a livestock scale.

Statistical Analysis

Effect of antibiotic administration was studied in two
data sets. First, the effect of treatment at weaning (ve-
hicle or antibiotics) was analyzed for the postcalving
period (n = 164 cows). Second, the effects of treatment
at weaning (vehicle or antibiotics), treatment at calving
(vehicle or antibiotics), and their interaction were ana-
lyzed at the subsequent weaning. Weaning data for 49
cows were not used in the second data set (n = 115 cows)
because calves from these randomly selected cows were
weaned early for a companion experiment.

Additionally, the effect of number of infected quarters
(zero to four) alone or in association with pathogen
group (zero, one or two major, one or two minor, three
or four major, or three or four minor), number of dry
quarters (zero, one, or two), type of bacterial isolate
(uninfected, coagulase-negative staphylococci [CNS], S.
aureus, and “other” [Bacillus spp., Corynebacterium
bovis, Streptococcus spp. not Strep. agalactiae, and un-
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determined isolates]), and parity of the cows (2, 3 to 5,
or 6 to 10) on response variables were also studied.
Within pathogen group, major pathogens consisted of
S. aureus isolates and minor pathogens consisted of
Bacillus spp., CNS, Corynebacterium bovis, Streptococ-
cus spp. not Strep. agalactiae, and undetermined iso-
lates. The CNS included Staphylococcus hyicus, Staph-
ylococcus chromogenes, Staphylococcus epidermidis,
Staphylococcus cohnii, Staphylococcus warneri, and
Staphylococcus hominis after calving and S. hyicus, S.
chromogenes, and S. epidermidis at weaning. Calf
weight was analyzed at weaning in October and at an
intermediate date between birth and weaning in June.

Actual counts for MSCC were transformed to natural
logarithm for analysis. Tests for outliers for milk compo-
sition were conducted and data falling between the fol-
lowing ranges were used for statistical analysis: 2.8 to
5.0% for protein, 1.2 to 6.5% for butterfat, 3.0 to 5.5%
for lactose, and 7.9 to 11.0% for solids-not-fat (SNF).
Cows and calf breeds were not included in the models
because of the lack of a breed effect for Angus and
Angus × Hereford cows in previous experiments.

Response variables were calf birth weight, calf wean-
ing weight, MSCC, milk composition (protein, butterfat,
lactose, and SNF), percentage of infected cows, percent-
age of infected quarters, percentage of infected quarters
by CNS, percentage of infected quarters by S. aureus,
percentage of infected quarters by “other” isolates, and
percentage of blind quarters. Milk and mammary vari-
ables were evaluated after calving and at weaning.

Different statistical models were used for analysis of
postcalving data and weaning data. In all cases, prelim-
inary models were developed based on the independent
variables and meaningful first-order interactions. Pre-
liminary analyses of variance indicated that most high-
order interactions were not significant or did not allow
for the correct estimation of the degrees of freedom for
any of the variables studied; therefore, these interac-
tions were deleted from the models.

Calf birth weight, calf weights in June, calf weights
at weaning, and percentage of infected cows were ana-
lyzed using GLM procedures of SAS (SAS Inst. Inc.,
Cary, NC). The rest of the variables were analyzed us-
ing the MIXED procedure of SAS, in which cow nested
within parity, calf sex, and treatment at weaning for
the postcalving data and cow nested within parity, calf
sex, treatment at weaning, and treatment at calving for
the weaning data analysis were the random variables.

The effect of parity on the percentage of cows and
quarters infected and percentage of quarters infected
with CNS, S. aureus, and other bacteria was analyzed
by chi-square (Ostle, 1964). Effect of parity on percent-
age of blind quarters was not analyzed because some
expected values were too small and the chi-square sta-
tistic may not be a valid test.

Least squares means and probability for contrasts of
interest were estimated for calf birth weight, calf weight
in June, calf weaning weight, MSCC, milk composition
and the different percentages studied except for those

reported according to cow parity. Unbalanced distribu-
tion of cows for the latter did not allow for the correct
estimation of least squares means. Consequently,
means for percentages studied according to cow parity
were calculated using the MEANS procedure of SAS.

Results and Discussion

Calf Weight

Neither calf weaning weight nor intermediate calf
weight was affected (P > 0.10) by the combination of
antibiotic treatment at weaning and treatment after
calving (data not shown). Intermediate (90 ± 2 d) and
weaning (212 ± 2 d) weights averaged 128 and 214 kg,
respectively. To our knowledge, only one unpublished
study examined effects of antibiotic use in beef cows on
calf weight (D. Burnside as quoted by Kirkbride, 1977).
In that study, cows were divided into two groups: one
group received antibiotic treatment in all quarters and
the other group was the untreated control. Calves nurs-
ing treated cows were 12.5% heavier than calves nurs-
ing untreated cows at 60 d of age (Kirkbride, 1977).
Several reasons could be listed to explain why calf
weights were not different among treatments in the
current experiment. These include no therapeutic effect
of antibiotic treatment, small differences in milk pro-
duction between infected and uninfected cows that
would not compromise the required nutrient supply to
the calf, confounding effect of other nutrient supplies
such as pasture, or a combination of the above. There
might be differences among breeds of calves in relation
to the time in which calves switch from nursing to pas-
ture. Therefore, calf weight in the present experiment
would not only reflect the dam’s milk production, but
also additional sources of nutrients from pastures.

Most studies testing the efficacy of intramammary
infusion, and to a lesser degree the efficacy of intramus-
cular administration of antibiotics for the treatment of
mastitis, have been conducted in dairy cows (Natzke et
al., 1966; Philpot, 1969; Eberhart and Buckalew, 1972).
Studies have demonstrated that dry-off therapy should
be preferred to lactational therapy (Philpot, 1969; Pan-
key et al., 1982). Several drying-off products for intra-
mammary infusion have been developed for this pur-
pose (Watts et al., 1995). Dry-off therapy has been suc-
cessful in eliminating existing infections and in
preventing new infections during the nonlactating pe-
riod (Eberhart and Buckalew, 1972; Eberhart, 1986;
Soback et al., 1990). In the present experiment, antibi-
otic treatment was applied to beef cows at weaning,
which is equivalent to drying-off in dairy cows, and
after calving.

We hypothesized that treatment of beef cows with
antibiotics would reduce subclinical mastitis and milk
production would increase. Cows with mastitis usually
have less milk production than uninfected cows (Watts
et al., 1986; Houben et al., 1993), and calf weaning
weights are a reflection of the dam’s milk production
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Table 1. Effect of number of infected quarters of the dam at calving
on calf weight and milk somatic cell counts (MSCC)

Number of infected quartersa Contrast (P <)b

Item 0 1 2 3 4 SEc 0 vs 1 to 2 0 vs 3 to 4 1 to 2 vs 3 to 4

Calf weight, kg
Birth 38.6 37.6 37.3 36.5 32.1 1.8 NSd 0.10 NS
Intermediatee 134 129 132 123 118 4.3 NS 0.01 0.05

Weaningf 225 215 216 208 203 7.1 0.10 0.10 NS

Postcalvingg MSCC, cells × 103/mLh 27.0 70.3 94.1 103.7 547.7 1.6 0.001 0.01 NS
Weaning MSCC, cells × 103/mLh 19.2 29.6 70.5 203.6 121.2 1.4 0.001 0.001 0.01

aNumber of infected quarters; n = 48, 18, 25, 12, and 6 for zero, one, two, three, and four infected quarters, respectively.
bOverall ANOVA was significant for calf weight and MSCC.
cSE = pooled standard error.
dNS = not significant (P > 0.10).
eIntermediate weight was measured in mid-June at an average age of 90 ± 2 d.
fWeaning occurred in mid-October at an average age of 212 ± 2 d. Range of Julian birth date was 38 to 117 d.
gMilk samples were collected 8 to 14 d postpartum.
hAnalysis was performed on data transformed to natural log.

(Jeffrey et al., 1971). Dairy cows with chronic intra-
mammary infections produced on average 14% less milk
during a single lactation (Houben et al., 1993). Amount
of milk produced decreases with the severity of the
infection (Harmon, 1994). Despite this reduction, calf
weights are not necessarily a reliable indicator of a
dam’s milk production, because the differences in milk
production between infected and uninfected cows be-
comes significant only after the 2nd or 3rd mo of lacta-
tion (Houben et al., 1993) and corresponds to the time
when calves start consuming forage. Additionally, milk
production losses may go undetected in beef cows be-
cause the risk of contracting mastitis is greater in high-
producing cows (Houben et al., 1993).

Birth and intermediate weights of calves for cows
with no infected quarters were not different (P > 0.10)
from those of calves nursing cows with one or two in-
fected quarters (Table 1). Weaning weights tended to
be greater (P < 0.10) for calves that nursed cows with
no infected quarters than for calves nursing cows with
one or two infected quarters. Birth weights and wean-
ing weights tended to be greater (P < 0.10) and interme-
diate weight was greater (P < 0.01) for calves nursing
cows with no infected quarters than for calves nursing
cows with three or four infected quarters. When com-
paring weights of calves nursing cows with one or two
infected quarters to those of calves nursing cows with
three or four infected quarters, birth and weaning
weight were not different (P > 0.10) and intermediate
calf weights were greater (P < 0.05) for calves nursing
cows with one or two infected quarters. Differences in
weaning weight in the present study were less than the
differences found by Watts et al. (1986). However, in
both studies birth, intermediate, and weaning weights
decreased consistently as the number of infected quar-
ters increased.

Infection with major or minor pathogens at calving
had similar effects on intermediate and weaning weight
(Table 2). Intermediate and weaning weight were
greater (P < 0.001 and P < 0.01, respectively) for calves

nursing cows with no infected quarters than those for
calves nursing cows with one to four quarters infected
with major pathogens and greater (P < 0.05) than for
calves nursing cows with one to four quarters infected
with minor pathogens. In addition, both intermediate
and weaning weight were less (P < 0.01 and P < 0.05,
respectively) for calves nursing cows with one or two
quarters infected with major pathogens than for calves
nursing cows with one or two quarters infected with
minor pathogens. On the contrary, no difference (P >
0.10) in intermediate and weaning weight was observed
among calves nursing cows with three or four quarters
infected with major pathogens and for calves nursing
cows with three or four quarters infected with minor
pathogens. These results are in agreement with other
studies in which calves nursing cows infected with S.
aureus had lesser weaning weight at 205 and 210 d
than calves nursing uninfected cows (Haggard et al.,
1983; Watts et al., 1986; Newman et al., 1991). Results
indirectly support the observation that the reduction
in milk production due to mastitis depends on the
pathogens involved (Lucey et al., 1986). Others have
found no difference in 205-d weaning weight among
calves nursing cows infected or uninfected with S.
aureus (Simpson et al., 1995). Newman et al. (1991)
found that infection of cows with S. aureus did not alter
the weight of calves at 100 d. Similarly, no differences
were found in weaning weight of calves nursing C.
bovis-infected cows compared with weaning weights of
calves nursing uninfected cows (Newman et al., 1991).
Newman et al. (1991) also demonstrated that during
the periods of 0 to 100 d and 0 to 205 d weights of calves
nursing cows infected with any pathogen did not differ
from those of calves nursing uninfected cows. This find-
ing is not in agreement with the current study.

Calf weights were also analyzed according to the
number of dry or blind quarters (Table 3). Intermediate
and weaning weights were approximately 17 and 25 kg
greater (P < 0.05) for calves nursing cows with no blind
quarters than for calves nursing cows with one or two
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Table 2. Effect of number of infected quarters of the dam at calving and type of pathogen on calf weight

Number of infected quarters and pathogen groupa Contrast (P <)b,c

Item 0 1 or 2 major 1 or 2 minor 3 or 4 major 3 or 4 minor SEd A B C D

Number of cows 53 15 29 14 5

Calf weight, kg
Intermediatee 135 121 135 123 117 4.2 0.001 0.05 0.01 NSf

Weaningg 226 203 221 211 196 7.2 0.01 0.05 0.05 NS

aPathogen group consisted of major and minor pathogens. When both major and minor pathogens were found in the same cow, it was
assigned to the major pathogen group regardless of the number of infected quarters with either one of them. Major pathogens included
Staphylococcus aureus. Minor pathogens included Bacillus spp., coagulase-negative Staphylococci (S. hycius, S. chromogenes, S. epidemidis),
Corynebacterium bovis, Strepococcus spp. not Strep. agalactiae, and undetermined isolates.

bOverall ANOVA was significant.
cContrasts: A = 0 vs major, B = 0 vs minor, C = 1 to 2 major vs 1 to 2 minor, D = 3 to 4 major vs 3 to 4 minor.
dSE = pooled standard error.
eIntermediate weight was measured in mid-June at an average age of 90 ± 2 d.
fNS = not significant (P > 0.10).
gWeaning occurred in mid-October at an average age of 212 ± 2 d. Range of Julian birth date was 38 to 117 d.

blind quarters. Intermediate and weaning weight were
not different (P > 0.10) between calves nursing cows
with one or two blind quarters. These results suggest
that cows with blind quarters produced less milk than
cows with no blind quarters and that cows with one or
two blind quarters produced similar amounts of milk.

Calves from cows of 2 parities had lighter (P < 0.001)
birth weights but greater (P < 0.05) weaning weight
than calves from cows with 3 to 10 parities (Table 4).
No difference (P > 0.10) in birth and weaning weight
were observed for calves from cows with 3 to 5 and 6
to 10 parities. Intermediate weights were greater (P <
0.05) for calves from cows with 6 to 10 parities than for
calves from cows with 3 to 5 parities. In the present
study, calves nursing cows of two parities had greater
weaning weight than calves nursing older cows, which
is in disagreement with Watts et al. (1986). Beef cows
approach maturity at 4 to 5 yr of age (Day et al., 1987)
and achieve peak milk production at 6 yr of age (Mar-
lowe and Gaines, 1958; Sellers et al., 1970). If calf wean-
ing weight were entirely related to milk production,
heavier calves from older cows would be expected. Other
factors such as cross-suckling (Newman et al., 1991),
forage availability (Neville, 1962; Day et al., 1987),
breed, genetic differences, and mammary health may
have influenced calf weaning weight. For example, the
number of lactations ranging from 1 to 5 in first-genera-

Table 3. Effect of nonlactating or blind quarters at calving on calf weight

Number of blind quartersa Contrast (P <)b

Calf weight 0 1 2 SEc 0 vs 1 to 2 1 vs 2

Intermediate, kgd 132 114 116 5.0 0.05 NSf

Weaning, kge 215 189 190 8.4 0.05 NS

an = 97, 8, and 3 cows for 0, 1, and 2 blind quarters, respectively.
bOverall ANOVA was significant.
cSE = pooled standard error.
dIntermediate weight in mid-June at an average age of 90 ± 2 d.
eWeaning in mid-October at an average age of 212 ± 2 d.
fNS = not significant (P > 0.10).

tion (F1) beef-dairy cows did not influence calf 205-d
weaning weight (Wilson et al., 1971).

Milk Somatic Cell Count

Antibiotics administered to cows at weaning (vehicle
or antibiotics) had no effect (P > 0.10) on MSCC after
calving (data not shown) and averaged 88 × 103 cells/
mL for both treatments. Similarly, any of the combina-
tions of antibiotic treatments administered to cows at
weaning and after calving had no effect (P > 0.10) on
MSCC at the subsequent weaning (data not shown) and
averaged 97 × 103 cells/mL across treatments. There is
sufficient evidence to indicate that increased MSCC
is indicative of intramammary infection (Berning and
Shook, 1992; Deluyker et al., 1993; Harmon, 1994) and
that treatment with antibiotics is useful to reduce infec-
tions (Eberhart and Buckalew, 1972; Eberhart, 1986;
Nickerson et al., 1993). We failed to find differences in
MSCC between untreated and antibiotic-treated cows.
Results imply that antibiotic treatment was ineffective
in reducing intramammary infections. Although no dif-
ferences in MSCC were detected among treatments,
MSCC in all treatments were below 108 × 103 cells/mL,
typical of uninfected quarters in dairy cows; SCC above
200 × 103/mL are indicative of infected quarters in dairy
cows (Paape and Contreras, 1997). Thus, there is the
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Table 4. Effect of parity of the dam on calf weight and quarter milk somatic cell counts (MSCC) and composition

Paritya Contrast (P <)b

Item 2 3 to 5 6 to 10 SEc 2 vs 3 to 10 3 to 5 vs 6 to 10

Calf weight, kg
Birth 34.1 38.2 39.1 0.92 0.001 NSh

Intermediated 127.7 122.0 128.8 9.73 NS 0.05
Weaninge 225.8 202.7 205.6 6.05 0.05 NS

Postcalvingf MSCC, cells × 103/mLg 64.2 72.7 146.7 1.21 0.10 0.10
Weaning MSCC, cells × 103/mLg 76.6 96.6 123.0 1.27 NS NS

Milk components, %
Postcalvinge

Protein 3.53 3.51 3.48 0.05 NS NS
Butterfat 2.74 3.21 3.54 0.17 0.05 0.10
Lactose 4.87 4.83 4.82 0.04 NS NS
SNF 9.16 9.10 9.02 0.06 NS NS

Weaninge

Protein 3.35 3.55 3.55 0.07 NS NS
Butterfat 2.78 3.67 4.07 0.26 0.05 0.10
Lactose 4.82 4.76 4.66 0.05 NS 0.05
SNF 8.89 9.05 8.96 0.09 NS NS

aN = 7, 36, and 67 cows for parity 2, 3 to 5, and 6 to 10, respectively.
bOverall ANOVA was significant for calf weight, butterfat, and lactose.
cSE = polled standard error.
dIntermediate weight in mid-June at an average age of 90 ± 2 d.
eWeaning in mid-October at an average age of 212 ± 2 d.
fMilk samples were collected 7 to 14 d postpartum.
gAnalysis was performed on data transformed to natural log.
hNS = not significant (P > 0.10).

possibility that antibiotic treatment could be effective
in reducing MSCC in beef cows with MSCC above 200
× 103 cells/mL.

Milk SCC increased as the number of infected quar-
ters increased from zero to four after calving and at
weaning (Table 1). After calving and at weaning, cows
with no infected quarters had lower MSCC than cows
with one or two infected quarters and cows with three
or four infected quarters (P < 0.001 and P < 0.01, respec-
tively). After calving, MSCC of cows with one or two
infected quarters were not different (P > 0.10) from
those of cows with three or four infected quarters. How-
ever, at weaning, MSCC was lower (P < 0.01) for cows
with one or two infected quarters than for cows with
three or four infected quarters. Milk SCC for uninfected
quarters in the present study after calving and at wean-
ing were in agreement with values reported previously
during different stages of lactation (Newman et al.,
1991). Watts et al. (1986) found greater MSCC for unin-
fected quarters than those reported in this study. In
Angus-Holstein cows, MSCC tended to be greatest in
early lactation, declined as lactation progressed, and
increased abruptly toward the end of lactation (Wilson
et al., 1971). In the present study, MSCC of infected
quarters after calving were greater than values at
weaning. In agreement with the current study, Watts
et al. (1986) found the highest MSCC in early lactation.

Milk SCC tended to increase with parity after calving
but not at weaning (Table 4). Cows with 2 parities
tended to have lower (P < 0.10) MSCC after calving
than cows with 3 to 10 parities, and cows with 3 to 5

parities tended to have lower (P < 0.10) MSCC than
cows with 6 to 10 parities. These results confirm that
the risk of infection increases as parity increases
(Blackburn, 1966; Houben et al., 1993). Similar to our
results at weaning, but contrary to our results after
calving, Wilson et al. (1971) found that the number of
parities ranging from one to five did not influence MSCC
in Angus-Holstein F1 cows. Milk SCC for cows of one
to five parities in the study of Angus-Holstein F1 were
greater than the MSCC in our cows with two to five
parities, which might be related to the dairy component
of the F1 cows, which could have influenced the greater
MSCC. Milk SCC for cows of 6 to 10 parities in the
present study were the greatest of all the parity groups
and were similar to MSCC for Angus-Holstein F1 cows
of one and two parities (Wilson et al., 1971).

After calving and at weaning, uninfected quarters
consistently had the least MSCC, followed by “other,”
CNS, and S. aureus infected quarters. Milk SCC for
uninfected quarters were less than MSCC for infected
quarters after calving (P < 0.001) and at weaning (P <
0.001) (Table 5). In addition, after calving and at wean-
ing MSCC for uninfected quarters were less (P < 0.001)
than those for quarters infected with S. aureus.

Percentages of protein, butterfat, lactose, and SNF
in milk after calving were not affected (P > 0.10) by
administration of antibiotics to the cows at weaning
(data not shown) and averaged 3.5, 3.2, 4.8, and 9.1%,
respectively, across treatments. Similarly, antibiotics
administered to cows at weaning and after calving had
no effect (P > 0.10) on percentages of milk components
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at weaning (data not shown). In dairy cows, differences
in milk composition have been related to cows that
received a single intramuscular antibiotic administra-
tion at drying-off. Percentages of protein and lactose
increased when penicillin was administered, and lac-
tose percentage increased when streptomycin was ad-
ministered (Natzke et al., 1966). Differences between
these observations and ours could be attributed to the
different type of antibiotic used and could also reflect
the lack of effect that antibiotics had on calf weight and
MSCC, as described previously, in the current study.
Changes in percentage of lactose have been suggested
to be indicative of intramammary infections (Berning
and Shook, 1992). This relationship would agree with
results from experiments with dairy cows (Natzke et
al., 1966). In the current study, treatment with antibiot-
ics did not influence lactose in milk. This indicates that
lactose percentage is probably affected by the type of
bacterial isolate rather than by the presence of mastitis
per se, as previously described (Harmon, 1994).

Parity did not affect (P > 0.10) the majority of the
components of milk after calving or at weaning (Table
4). Percentages of butterfat after calving and at wean-
ing were lower (P < 0.05 and P < 0.05, respectively) in
milk from cows with 2 parities than in milk from cows
with 3 to 10 parities. Among cows with 3 to 10 parities,
percentages of butterfat in milk tended to be greater
(P < 0.10) after calving and at weaning in cows with 6
to 10 parities than in cows with 3 to 5 parities. At
weaning, percentage of lactose in milk was greater (P

Table 5. Effect of bacterial isolates on milk somatic cell counts (MSCC) and milk components

Type of bacterial isolate Contrast (P <)a

Uninfected Uninfected S. aureus
vs vs vs

Item Uninfectedb CNSc S. aureusd Otherse SEf infected S. aureus CNS + others

Postcalvingg MSCC, cells × 103/mLh 33.7 104.4 415.9 41.3 1.21 0.001 0.001 0.001
Weaningf MSCC, cells × 103/mLh 22.5 231.3 501.1 33.8 1.22 0.001 0.001 0.001

Milk components, %
Postcalvingg

Protein 3.46 3.48 3.61 3.48 0.04 0.001 0.001 0.001
Butterfat 3.28 3.18 3.24 2.95 0.15 0.10 NSj NS
Lactose 4.96 4.86 4.65 4.90 0.03 0.001 0.001 0.001
SNF 9.13 9.06 9.00 9.18 0.05 0.05 0.01 0.05

Weaningi

Protein 3.47 3.48 3.48 3.50 0.05 0.10 NS NS
Butterfat 3.63 3.46 3.46 3.47 0.19 0.01 NS NS
Lactose 4.81 4.71 4.65 4.82 0.04 0.001 0.001 0.001
SNF 9.02 8.92 8.87 9.07 0.06 0.001 0.001 0.001

aOverall ANOVA was significant for MSCC and milk components.
bUninfected consisted of no bacterial isolate; n = 311 mammary quarters.
cCNS: coagulase-negative Staphylococcus grouped the following species; at postcalving: Staphylococcus hycius, S. chromogenes, S. epidermidis,

S. cohnii, S. warnei, S. hominis; at weaning: S. hycius hycius, S. hycius chromogenes, S. epidermidis; n = 36 mammary quarters.
dS. aureus; n = 47 mammary quarters.
eOthers consisted of Bacillus spp., Corynebacterium bovis, Streptococcus spp. not Strep. agalactiae, and undetermined isolates; n = 43

mammary quarters.
fSE = pooled standard error.
gMilk samples were collected 7 to 14 d postpartum.
hAnalysis was performed on data transformed to natural log.
iWeaning in mid-October at an average age of 212 ± 2 d.
jNS = not significant (P > 0.10).

< 0.05) in cows with 3 to 5 parities than in cows with
6 to 10 parities.

The effect of type of bacterial isolate on percentages
of milk components after calving and at weaning are
presented in Table 5. After calving, percentages of but-
terfat (P < 0.10), lactose (P < 0.001), and SNF (P < 0.05)
were greater but the percentage of protein was lower
(P < 0.001) in milk from uninfected quarters than in
milk from infected quarters. Percentages of lactose (P
< 0.001) and SNF (P < 0.01) were greater and the per-
centage of protein was lower (P < 0.001) in uninfected
quarters than in S. aureus-infected quarters. Butterfat
was not different (P > 0.10) in milk from uninfected and
S. aureus-infected quarters. Among infected quarters,
percentages of lactose (P < 0.001) and SNF (P < 0.05)
were lower and the percentage of protein was greater
(P < 0.001) in milk from S. aureus-infected quarters
than in milk from quarters infected with CNS and
“other” bacterial isolates. The percentage of butterfat
did not differ (P > 0.10) between quarters with S. aureus
and those with CNS or “other” bacteria.

At weaning, percentages of butterfat (P < 0.01), lac-
tose (P < 0.001), and SNF (P < 0.001) were greater for
uninfected quarters than for infected quarters. Percent-
ages of lactose and SNF were greater (P < 0.001) for
uninfected quarters than for S. aureus-infected quar-
ters. However, protein percentage tended to be lower
(P < 0.10) in milk from uninfected quarters than in milk
from infected quarters. Percentages of lactose and SNF
for S. aureus-infected quarters were lower (P < 0.001)
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than those for CNS and “other” infected quarters. Per-
centages of protein and butterfat for uninfected quar-
ters were not different (P > 0.10) from those for quarters
infected with S. aureus, and protein and butterfat were
similar for S. aureus-infected quarters and quarters
infected with CNS and “other” isolates.

Major pathogens usually affect compositional
changes in milk, whereas minor pathogens are infre-
quently associated with marked compositional changes
(Harmon, 1994). Mastitis infections are associated with
decreased percentages of lactose and fat, attributable
to reduced synthetic activity of the infected tissue (Har-
mon, 1994). Total proteins undergo little change, al-
though the types of proteins change dramatically; the
major protein, casein, decreases and whey proteins in-
crease. In the current study, differences in lactose per-
centage among quarters infected with different bacte-
rial groups are in agreement with the previous observa-
tion that reduction in lactose percentage could be used
to predict mastitis (Berning and Shook, 1992). More-
over, in agreement with a previous report (Harmon,
1994) the most pathogenic bacterium, S. aureus, was
associated with the lowest percentage of lactose. The
postcalving increase in protein percentage for infected
quarters compared with uninfected quarters is contrary
to a previous report (Harmon, 1994). Among infected
quarters, those with S. aureus had the greatest protein
percentage. A greater protein percentage in quarters
infected with S. aureus is probably due to the destruc-
tive effect of the bacterial toxins on the mammary epi-
thelium and vascular permeability changes that lead
to leakage of some serum protein into milk (Harmon,
1994). At weaning, protein percentage did not differ
between infected and uninfected quarters, which is sim-
ilar to the results described by Harmon (1994). Con-
trary to our results, S. aureus-infected quarters had a
lower percentage of protein than uninfected quarters
(Watts et al., 1986). In our study, the percentage of SNF
was consistently lower for infected than for uninfected
quarters, which is comparable to previous results (Nick-
erson et al., 1995).

Percentages of Infected Cows and Infected Quarters

Oxytetracycline, a bacteriostatic drug used in the
present study, has a broad spectrum activity against
Gram-positive and -negative bacteria. It is formulated
to have a depot release; therefore, after a single intra-
muscular dose it produces an increase in plasma con-
centrations, and concentrations in plasma are sus-
tained for 3 to 4 d (Weinstein, 1970). Despite these
characteristics, antibiotic treatment at weaning did not
reduce (P > 0.10) the percentages of infected cows and
quarters (CNS, S. aureus, and other bacteria) after calv-
ing (data not shown) and averaged 43.4 and 13.7%,
respectively. Only one study with beef cows evaluated
the use of intramammary antibiotics at drying-off on
the prevalence of infection at calving (Newman et al.,
1991). Infusion of 300 mg of cephapirin was effective

in reducing the prevalence of infection in the treated
cows (8.2%) compared with untreated cows (22.4%).
Cephapirin is effective against staphylococcal and
streptococcal intramammary infections; however, it is
less effective against Gram-negative bacillus (Watts et
al., 1986). Newman et al. (1991) found that staphylo-
cocci, streptococci, and C. bovis were the organisms
present in the cows, and this might explain the high
efficiency of the drug.

The combination of treatments administered to cows
at weaning and after calving did not influence (P > 0.10)
the percentage of infected cows and quarters (CNS, S.
aureus, and “other” bacteria) at the following weaning
(data not shown). Treatment did not influence the per-
centage of quarters infected with different bacterial iso-
lates. Quarters infected with CNS, S. aureus, and other
bacteria averaged 9.2, 6.8, and 10%, respectively.

It is possible that oxytetracycline might not be effec-
tive in the treatment of mastitis in beef cows, or that the
intramuscular route of administration of the antibiotic
and the frequency used were not appropriate to obtain
effective therapeutic action at the mammary gland
level. There was no additional benefit of systemic oxy-
tetracycline treatment after intramammary treatment
with cephapirin to dairy cows to cure mastitis infections
(Erskine et al., 1994). Failure of oxytetracyline treat-
ment at drying-off to influence infections (Soback et al.,
1990) was attributed to insufficient serum and tissue
drug concentrations, and tetracycline antibacterial ac-
tivity was diluted out by the milk.

Simultaneous intramammary and intramuscular
treatments of cows with antibiotics to reduce mammary
infections have been recommended as more effective
than the conventional intramammary infusion alone
because they act synergistically; the infused antibiotic
contacts bacteria in the cisternal area and large ducts,
whereas the systemic therapy reaches bacteria that are
imbedded deeper in the mammary tissue (Owens et al.,
1990; Nickerson et al., 1993).

The percentages of infected cows and infected quar-
ters after calving and at weaning according to parity
are given in Table 6. Because of the uneven distribution
of cows by parity group, data were unbalanced and chi-
square analysis was used to evaluate infection in cows
and quarters by parity. After calving, the percentage
of infected cows increased (P < 0.06) from 19.0 for cows
with 2 parities to 47.1 and 46.9 for cows with 3 to 5
and 6 to 10 parities, respectively. The percentage of
infected quarters increased (P < 0.01) from 4.8 to 16.6
and 19.9 for cows with 2, 3 to 5, and 6 to 10 parities,
respectively. Among the infected quarters, cows with
two parities had a lower percentage (P < 0.07) of infected
quarters by CNS than cows with three to five parities.
Percentage of quarters infected by S. aureus increased
(P < 0.01) with parity; it was never isolated from quar-
ters of cows with two parities and was more frequently
isolated in quarters from cows with three or more
parities.
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Table 6. Effect of parity on the percentages of infected cows, infected quarters,
and nonlactating quarters after calving and at weaning

Parity

Item 2 3 to 5 6 to 10 (P <)a Overallb

Postcalvingc, %
Infected cows 19.0 47.1 46.9 0.06 43.4
Infected quarters 4.8 16.6 19.9 0.01 16.4

CNSd 2.4 9.3 5.3 0.07 6.8
S. aureus 0 4.3 8.8 0.01 5.6
Othere 2.4 3.0 5.8 NSg 4.0

Nonlactating quarters 0 1.0 5.0 — 2.6

Weaningf, %
Infected cows 57.1 39.2 61.7 0.05 53.7
Infected quarters 21.4 19.6 36.4 0.01 29.7

CNSd 10.7 6.5 8.7 NS 8.1
S. aureus 0 4.6 16.7 0.01 11.5
Othere 10.7 8.5 11.0 NS 10.1

Nonlactating quarters 0 1.9 4.8 — 3.3

aChi-square analysis not done for nonlactating quarters.
bRepresents overall percentages of the herd.
cAfter calving refers to 7 to 14 d postpartum; n = 7, 36, and 67 cows for parity 2, 3 to 5, and 6 to 10,

respectively.
dCNS: coagulase-negative Staphylococci grouped the following species: Staphylococcus hycius, S. chromo-

genes, S. epidermidis, S. cohnii, S. warnei, and S. hominis.
eOthers consisted of Bacillus spp., Corynebacterium bovis, Streptococcus spp. not Strep. agalactiae, and

undetermined isolates.
fWeaning in mid-October at an average age of 212 ± 2 d. Range of Julian birth date was 38 to 177 d; n

= 7, 41, and 67 cows for parity 2, 3 to 5, 6 to 10, respectively.
gNS = not significant (P > 0.10).

Cows with 6 to 10 parities at weaning had the great-
est percentage (P < 0.05) of infections as well as the
greatest percentage (P < 0.01) of infected quarters. Per-
centage of quarters infected by S. aureus was greater
(P < 0.01) for cows with 6 to 10 parities than for cows
with 3 to 5 parities. Contrary to what was observed
after calving, cows with two parities did not have the
lowest percentage of infected quarters, with the excep-
tion of percentage of quarters infected with S. aureus;
cows with three to five parities had the lowest percent-
age of infected quarters. Cows with 6 to 10 parities had
a greater incidence of S. aureus infection than cows
with 3 to 5 parities. Cows with two parities did not
have any infections caused by S. aureus. The percentage
of infected cows and quarters increased with parity
after calving and at weaning. This is in agreement with
a study conducted in dairy cows in which the percentage
of udder infection was greater for cows that had com-
pleted three or more nonlactating periods than for cows
with one or two nonlactating periods (Oliver and Mitch-
ell, 1983). Staphylococcus aureus is considered a conta-
gious organism, easily spread among dairy cows during
milking. In beef cows, the calf may act as a vector in
spreading infections from one quarter to another in the
same cow and from one cow to another (Day et al.,
1987). Cross-suckling of calves probably occurred in the
present study because we did not ensure that each dam
nursed only its own calf.

The overall percentage of infected cows and infected
quarters increased from 43.4 and 16.4, respectively,
after calving to 53.7 and 29.7, respectively, at weaning

(Table 6). The greatest increase in percentage of in-
fected quarters from calving to weaning was due to S.
aureus and “other” bacteria at weaning. These results
indicate that the incidence of infection in this particular
herd increased as lactation progressed. The percentage
of infection increases as MSCC increase (Berning and
Shook, 1992; Deluyker et al., 1993). In our study, cows
of 3 to 10 parities tended to have greater MSCC at
calving and also had greater percentages of infected
cows and quarters than second-parity cows.

In another study in beef cows during late lactation,
the percentage of infected cows was similar to that at
weaning in the current study (Newman et al., 1991).
In addition, the percentage of infected cows in early
lactation was lower than that in the current study after
calving. Other studies reported a lower percentage of
infected cows than we observed after calving and at
weaning (Haggard et al., 1983; Watts et al., 1986).

The prevalence of infected quarters noted in the study
by Newman et al. (1991) during early and late lactation
is similar to our results. The prevalence of S. aureus
infection in the study by Newman et al. (1991) was less
than in the current study. The percentage of quarters
infected with minor pathogens at early and late lacta-
tion in the study by Newman et al. (1991) was similar
to the percentages for CNS and “other” bacterial iso-
lates in the present study. Other studies with beef cows
have found percentages of infected cows at other stages
of lactation comparable to those noted in the current
study after calving and lower than those reported in
the current study at weaning (Kirkbride, 1977; Oliver
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and Mitchell, 1983). Percentages of infected quarters
and incidence of S. aureus infection similar to those
seen in the present study have been reported (Watts et
al., 1986).

None of the second-parity cows had nonlactating
quarters after calving; this increased to 1.0 in cows with
3 to 5 parities and 5.0 in cows with 6 to 10 parities
(Table 6). The percentages of nonlactating quarters
were similar after calving and at weaning. The overall
percentage of nonlactating quarters was 2.6 after calv-
ing and 3.3 at weaning.

Implications

Mastitis-causing organisms are prevalent in beef
cows. On the average, 43% of the cows and 16% of the
quarters in a herd were infected at calving. Further-
more, the incidence of mastitis and the number of blind
quarters increased with parity. As the number of in-
fected and nonlactating quarters increased, weaning
weight of calves decreased. Treatments or management
practices to reduce the incidence of mastitis and the
number of nonlactating quarters in beef cows should
result in increased calf weaning weight.
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